~" Bone grafts are usually an integral part of cervical spine fixation following spinal trauma. Unfortunately, many currently used bone graft donor sites (including the rib, iliac crest, and fibula) cause unacceptable patient morbidity, especially postoperative pain. A readily available source of autologous bone graft for posterior cervical fusion is the occipital bone. This membranous bone offers the advantage of strength and less bone resorption. II has been used at the Sunnybrook Health Science Centre for 4 years as a standard source of bone graft with no morbidity and excellent results for fusion.
D
ESPITE the wide variety of posterior cervical fusion techniques available, most still require bone grafts for ultimate stability. The usual source of autologous graft material is the iliac crest, but patients often complain of persistent pain in the hip from the donor site long after the cervical portion of the surgery has healed and is asymptomatic. This source of patient discomfort and dissatisfaction can be eliminated with the use of alternative sites for graft donation.
For posterior cervical spine surgery, an obvious choice for graft source is the occipital bone. It has the benefit of not requiring an additional incision, of providing a site that is completely painless, and of being relatively easy and safe to harvest. This type of bone graft has been used at the Sunnybrook Health Science Centre for the last 4 years, with excellent results.
Operative Technique
By extending the cervical incision to 5 cm above the inion, an adequate exposure of the occipital bone is achieved. Depending on the size of graft required, the subcutaneous tissues and muscle are detached from the bone laterally, and the size and shape of graft are drawn on the skull with a sterile pencil or marking pen.
A high-speed drill equipped with a 6-mm sharp burr is used to burr down the surrounding bone so that the graft projects several millimeters above it (Fig. 1) . A smaller (2-ram) burr is then used to undermine the bone graft for a distance one-third of its size. Note that the bone of the skull is usually so thick at this point that penetration of the inner table of the bone can usually be avoided, and injury to the underlying dura is unlikely.
When the graft has been sufficiently undermined on all sides, it is connected to the underlying calvaria only by an attachment which is approximately one-third of its total size. At this point, small sharp curved osteotomes are used to elevate the graft from its calvarial attachment (Fig. 2 upper) . Great care must be taken at this stage of the procedure, lest the brittle membranous bone of the graft be broken and the graft ruined. Once the graft has been removed, the donor site is drilled smooth (Fig. 2 lower) and the graft fashioned as desired. The graft may be split lengthwise for use as struts, as in Fig. 3 , or crosswise as slabs for use in a Gallic fusion or with interlaminar clamps.
Clinical details in a group of 13 patients undergoing cervical fixture performed with this procedure are presented in Table 1 .
Discussion
Recently, calvarial bone has been proposed as a source of bone graft for anterior cervical fusions. 4 The disadvantage of this donor site in anterior operations is that it requires an additional incision for harvesting the graft; however, in a posterior fusion the incision is already made and is only extended for a few centimeters to enable the surgeon access to the occipital bone.
Aside from the fact that the occiput offers a pain-free source of bone graft material, there are additional benefits of using membranous bone (such as calvaria) over endochondral bone (such as iliac crest). In animal studies, including primates, m e m b r a n o u s bone has shown less resorption, probably as a result of early revascularization. These data have been provided by plastic and reconstructive surgeons using the grafts for craniofaeial repair. The key requirements for success of any bone graft have been thought to include an adequate blood supply, good bone contrast, immobility, and functional stress. However, experiments have demonstrated that the functional stresses are not at issue with calvarial bone, since transplantation even into soft tissue does not promote resorption. 3 By decorticating the recipient site, a good blood supply is encouraged. Bone contact is assured with wires, which help to achieve immobility, although do not guarantee it. Where we have used long-segment
Photographs showing use of the graft as struts with sublaminar wires for a fusion of three or four vertebral levels. grafts as immobilizing struts (Fig. 3) , we have increased immobilization with the use of the halo-vest apparatus. Usually, these patients have suffered a cervical spine fracture and are therefore already wearing the vest. They generally remain in the vest for a 3-month period.
Phillips and Rahn t2 have shown that fixation is a key factor in the success of membranous bone grafts. It is debatable whether the fixation we have chosen is optimal: however, in a small series of selected patients treated in the above-described manner there have been no instances of graft resorption or spine instability related to nonfusion.
